The study of infant vision is closely coupled to the study of the refraction, change in refraction over time, and the effect of spectacle correction on visual development. Frequently, reports are limited to descriptions of spherical equivalent or cylinder power without regard to axis, as data are frequently collected in the clinical format of sphere, cylinder, and axis (S, C, A). Conversion from clinical notation to a power vector representation of refraction allows unambiguous description of how refractions change over time and differ between repeated measurements. This article presents a series of examples of Microsoft Excel spreadsheet formulas that make the conversion from clinical notation to power vector format, and provides examples of useful applications of these methods. (Optom Vis Sci 2009;86:599-602) Key Words: refractive error measurement, clinical research, infant vision, statistical methods in vision research S tandard clinical notation for measuring refractions and prescribing refractions have served clinicians and the optical manufacturing industry well for decades, because the measurements are directly related to both the clinical steps of refraction [estimates and refinements of sphere (S), cylinder power (C), cylinder axis (A)] and spectacle manufacture (selection of base power of the spherical lens, and orientation and magnitude of cylinder correction). However, the clinical nomenclature is not sufficient for a statistical description of any more than a single refraction, and cannot be used for determining descriptions of precision or central tendency of refractions, or deviations from an intended correction for spectacles.
METHODS
The theory behind how clinical refractions are related to power vectors has been well described by others. [1] [2] [3] [4] Power vectors, as treated in the following discussion, are a simplification of a more complex theory first developed by Fick 5 and later Long 6 that requires a matrix for description and manipulation. However, under simplified conditions such as encountered in the analysis of refractive error using thin lens formulations, the simplified analysis that follows works and is consistent with the more complex, and elegant, matrix formalisms that properly describe power. The absence of consistent application of power vectors in the literature suggests that there remains a gulf between theory and application. Three types of calculation are required: conversion from clinical to vector notation (C2V), from vector to clinical (V2C), and the determination of magnitude of differences [MOD and vector difference in diopters (VDD)]. We will employ the terminology of Thibos et al. 4 The first set of conversions, C2V, is shown in Fig. 1 . A snippet of an Excel Spreadsheet showing the method for converting from C2V is shown. S, C, and A correspond to sphere, cylinder, and axis. These values are in cells A3, B3, and C3, respectively. To the right, shown in italics to indicate the numbers represent power vectors in Thibos notation, are the corresponding values of M, J0, and J45. In all spreadsheet examples, the data flow is from left to right, or in this case, a conversion from C2V formulations. The formulas for M (the spherical equivalent), J0 (the vertical Jackson-Cross-Cylinder), and J45 (the oblique Jackson Cross Cylinder) are shown. In Microsoft Excel, transcendental functions accept radians; conversion from degrees are provided. The clinical notation input may be in either plus cylinder notation or minus cylinder notation.
The second, reciprocal, conversions from V2C are shown in Fig.  2 . Again, the flow is from left to right, with vector data (in italics) being converted to clinical notation. The formulas provided include a simplification to reduce the complexity of the formula. The addition of an extremely small number (0.000001) eliminates the need for a test for 0 and special handling, and has no consequence on the results, as all powers are rounded to the nearest quarter diopter. The formulas provided provide correct axis assignment in the range from 1 to 180°.
The final set of conversions, allowing for the determination of distance between two points in dioptric space, is shown in Fig. 3 . The determination of MOD results from a three-dimensional application of the Pythagorean theorem for the distance between two points in dioptric space. This distance has units of diopters, and as it is only one-half a vector (the magnitude but not the direction), it does not indicate the direction of change but only the amount of difference. When used to compare a refraction and desired correction, it is a measure of the optical blur. 7, 8 This scalar quantity is representative of the area of the blur patch on the retina but lacks information regarding the specific orientation and shape of the blur patch. The MOD, and associated VDD (which uses cylinder diopters as the unit vector as opposed to sphere diopter as the unit vector) is extremely useful for identifying criteria for changing spectacles in clinical studies, 9,10 the extent of dispersion in a set of observations of refraction, and the identification of representative refractions as a form of median measurement, as seen in the following examples.
Our research group began using the power matrix of Harris et al. in 1995 as a means for analyzing keratometry and autorefraction repeated meausurements. [11] [12] [13] As the unit vector used by Harris et al. is a Diopter of Cylinder power, our earliest publications made reference to the MOD between two refractions in Harris space using that unit vector. To identify which unit vector is used, we continue to use the term VDD when the unit vector relates to a cylinder diopter.
Since the publication by Thibos et al. 4 of their application of Fourier analysis to describe the sinusoidal variation of power in the astigmatic refraction, their nomenclature has become predominant, perhaps because it lacks the formalism of matrix algebra, and perhaps because the quantities of M, J0, and J45 are intuitively familiar to the practicing clinician. M represents the spherical equivalent of a refraction. J0 represents the power associated with a vertically oriented Jackson Cross-Cylinder, which has either plus or minus power in the vertical meridian depending on how the lens is held. The J45 corresponds to an obliquely held Jackson CrossCylinder, again having plus or minus power depending on the power in the 45°meridian.
A visual explanation of how the two out of phase sine waves can be combined to create the sinusoidal variation of power seen arising from any clinical refraction is presented by both Thibos et al. 4 and by Raasch. 7 The issue of Optometry and Vision Science that these articles appeared in (Volume 74, Number 6) has been a particularly influential issue of the Journal, for it was a topical issue devoted to reports from the First Mopane Conference, hosted by Dr. Harris in South Africa, which greatly served to expand scientific application of power vectors in clinical research.
RESULTS
Example 1 (Table 1) shows a practical application of power vectors. A subject is wearing their eyeglasses when an autorefractor is used to measure the refraction. The calculation demonstrates converting both 
FIGURE 2.
A snippet from a Microsoft Excel file that illustrates the conversion from V2C. The formulas shown demonstrate the conversion from vector notation (shown in italics) to clinical notation. The formulas provide for rounding the clinical notation value to the nearest quarter diopter. The very small quantity added eliminates the need for a programming test for zero and handling it as a special case, and has no effect on the answer.
FIGURE 3.
A snippet from a Microsoft Excel file that shows the formulas used to determine the difference, in diopters, between two points in dioptric space. The MOD is a simple application of the Pythagorean theorem in three dimensions to determine the distance between two points, and is the scalar quantity associated with the vector describing both direction and magnitude. The VDDs incorporates a conversion factor for normalizing the unit vector to that used by Harris. the spectacle prescription and the autorefraction reading to power vectors, adding the power vectors, and then converting back to clinical notation for conventional description of the subject's refraction.
Example 2 (Table 2) shows a commonly encountered problem when data are collected in a clinical study. 12 In the example shown, multiple readings are obtained from an autorefractor; the cylinder axes are different in each observation. Vector methods must be employed to correctly determine the average of the data set. A simple average of the axis values results in a grossly apparent error.
Example 3 (Table 3) illustrates a frequently encountered clinical scenario. 10 The subject presents wearing spectacles. A new refraction is obtained; the two are not exactly the same. What is the difference between the present correction and the new refraction? The calculations show the difference, which when expressed in clinical notation represents the lenses that would need to be applied to the old spectacles to provide the new refraction. Obviously the smaller the difference, the closer the present glasses are to the current desired correction. However, what is likely desired is to limit the blur experienced by the patient to an acceptable level. This introduces the concept of a MOD vector, or VDD, that is reflective of blur, and is discussed in the next example.
Example 4 (Table 4) illustrates using the magnitude of the power vector as means of comparing the desired correction and present spectacles. Clinical protocols can be designed around such a vector calculation, as the single number (VDD) can be used to set thresholds for changing spectacle correction in a way the reflects recognition of the underlying measurement variability, so that when the spectacles are changed, it is to reflect a significant (in the statistical sense) change in the refraction of the child.
Example 5 (Table 5) shows a final example of the benefit of using power vectors in clinical research of refraction. 13 It is not uncommon to have a child look away from the refracting instrument at the instant a measurement is made, resulting in an erroneous off-axis measurement. How can one rationally identify an outlier in set of observations, or find the single observation that lies closest to the group mean? In this example, in the top of the spreadsheet, each observation is converted from C2V, and the group mean calculated. In the bottom one-half the spreadsheet, the vector difference between each observation and the group mean is calculated (DM, DJ0, and DJ45 where D is for difference). Again, the application of power vectors allows the distance in dioptric space to be determined from each measurement in a set to the group mean. Outliers can be identified and discarded if the distance exceeds that known from prior study to represent acceptable levels of variation. The observation closest to the group mean can be analyzed as a median observation.
DISCUSSION
Power vectors facilitate the accurate and complete description of refractions and corrections. In some instances, both direction and magnitude of change are important to determine, as for examples in studies of longitudinal change in refraction or the onset or progression of myopia. In other instances, knowledge of the magnitude of change is useful, for it allows measurement of dispersion of a group of observations from either a single measurement or a group mean. The conversions provided address issues that at a different point in time the researcher may have been intimately familiar with (e.g., converting from degrees to radians) and provide rounding back to clinical notation to the nearest quarter Diopter for clinical convenience. Use of power vectors in the study of vision will allow greater understanding of the data our young subjects provide, and more precise control of experimental protocols. Undoubtedly, their usage will increase in the future, for with knowledge of pupil diameter, they yield the lower order Zernike polynomials used to describe wavefront error. The spreadsheet from which the formulas and examples are drawn is available online (Supplemental Digital Content 1, http://links.lww.com/A1047).
